Study design: Cross-sectional study. Objectives: To evaluate the physical activity scale for individuals with physical disabilities (PASIPD) in people with spinal cord injury (SCI). Setting: Eight Dutch rehabilitation centers with a specialized SCI unit. Methods: The PASIPD was examined by comparing group scores of people with different personal (age, gender and body mass index) and lesion characteristics (level (paraplegia/tetraplegia), completeness, time since injury (TSI)) in 139 persons with SCI 1 year after discharge from in-patient rehabilitation. Relationships between PASIPD scores and measures of activities (wheelchair skills, Utrecht Activity List, mobility range and social behavior subscales of the SIP68) and fitness (peak oxygen uptake, peak power output and muscular strength) were determined. Results: Persons with tetraplegia had significantly lower PASIPD scores than those with paraplegia (Po0.02). Persons with longer TSI had lower PASIPD scores than persons with shorter TSI (Po0.03). PASIPD scores showed moderate correlations with activities (0.36-0.51, Po0.01) and weak-tomoderate correlations with fitness parameters (0.25-0.36, Po0.05). Conclusion: In a fairly homogeneous group of persons with SCI, 1 year after in-patient rehabilitation, the PASIPD showed weak-to-moderate relationships with activity and fitness parameters. There seems to be a limited association between self-reported activity level and fitness in people with SCI.
Introduction
After in-patient rehabilitation, individuals with a spinal cord injury (SCI) have the lowest level of physical activity compared with other populations with a disability, 1 as measured with a body-worn activity monitor. The people with a SCI who are active have a higher physical capacity than sedentary people with a SCI. 2 Furthermore, being physically active and fit appears to be associated with several health benefits in persons with SCI. 3 Therefore, it is important to promote a physically active lifestyle in people with SCI to prevent secondary complications. To determine the level of active lifestyle and to evaluate the effect of lifestyle interventions, a reliable and valid measure of physical activity for people with SCI is needed. The physical activity scale for individuals with physical disabilities (PASIPD) was developed to assess the self-reported physical activity level of individuals with a disability. 4 The PASIPD was evaluated in people with different physical disabilities. 4, 5 Support was found in these studies for the construct validity, reliability and criterion validity of the PASIPD. 4, 5 However, the PASIPD has not yet been evaluated in specific disability groups such as people with SCI. Therefore, the purpose of this study is to evaluate the PASIPD in people with SCI.
Methods

Participants
The current cross-sectional study was part of the Dutch prospective cohort study 'Physical strain, work capacity and mechanisms of restoration of mobility in the rehabilitation of persons with SCI'. Participants from eight rehabilitation centers that are specialized in SCI rehabilitation in the Netherlands were included. They were eligible to enter the project if they had an acute SCI, were between 18 and 65 years of age, were classified as A, B, C or D on the American
Spinal Injury Association impairment scale, were (partly) wheelchair dependent, did not have a progressive disease or psychiatric problem, and had sufficient understanding of the Dutch language to understanding the purpose of the study and the testing methods. All tests and protocols were approved by the medical ethics committee of the rehabilitation center Hoensbroek. After they were given information regarding the testing procedure, all participants completed an informed consent form.
Design
Data for this study were collected 1 year after discharge from in-patient rehabilitation by trained research assistants with a paramedical background using standard procedures and equipment.
Personal and lesion characteristics Participant information regarding age, gender, level and completeness of the lesion were collected. Time since injury (TSI) was determined as the time between the occurrence of SCI and the measurement date on which the PASIPD was filled out. Height and weight were measured to calculate the body mass index (BMI, in kg m -2 ).
Physical activity scale for individuals with physical disabilities Information on level of physical activity (leisure, household and occupational activity) was collected using the PASIPD. 4 The PASIPD consists of 13 questions. The first item was included only to familiarize respondents with the item format and was not scored. Two of these questions, question 10 on lawn work or yard care, and question 11 on outdoor gardening, were merged into a single question, because this better represented the Dutch situation. The 11 remaining questions were filled out to obtain the total physical activity score, which is expressed in metabolic equivalent (MET in h day
À1
, maximum score is 182.3 MET h day À1 (after combining question 10 and 11) and 199.5 MET h day À1 in the original PASIPD). One MET is defined as the amount of oxygen required per minute under quiet resting conditions.
Outcome measures activities
The Wheelchair Circuit 6 was performed. All eight tasks that were performed adequately, independently and within a certain time were assigned one point. All points were summed to get an overall ability score, ranging from 0 to 8. The performance time score is the sum of the performance times of the figure-of-8 shape and the 15-m sprint, which were performed at maximum speed. The Utrecht activities list (UAL) 7 was used to assess the time spent on vocational and leisure activities such as work, study, voluntary work, hobbies and sports activities, in hours per week. This questionnaire is a Dutch adaptation of the Craig Handicap Assessment and Reporting Technique. 8 The sum of the subscales Mobility Range and Social Behavior of the SIP68 (SIPSOC) was used to assess perceived limitations in participation. 6 Outcome measures physical capacity To determine peak aerobic power output and peak oxygen consumption subjects performed a standardized graded peak wheelchair exercise test on a motor-driven treadmill according to a standardized protocol. 9 Metabolic cost was continuously measured during the exercise blocks with a metabolic cart (Oxycon Delta, Jaeger, Germany). The peak oxygen consumption (VO 2 peak; l min
À1
) was defined as the highest oxygen uptake value over 30 s during the test. POpeak was defined by the power output, which corresponded to the highest slope maintained for at least 30 s. 9 To determine the strength of the upper extremity, the shoulder abductors, internal and external rotators, elbow flexors and extensors, and wrist extensors in both arms were tested with the manual muscle test (MMT). The strength was rated on a scale ranging from 0 to 5. Summing the scores of the 12 muscle groups gave a MMT sum score (range: 0-60). The muscle groups (with exception of the wrist extensors) that scored 3 or greater on the MMT were tested with handheld dynamometry. The maximum force (in Newton) of the 10 muscle groups was summed. Both tests were performed according to a standardized protocol. 9 
Statistics
Descriptive statistics for personal and lesion characteristics, physical capacity, activity parameters and the PASIPD were calculated.
A factor analysis was performed to determine whether item responses loaded on the same dimensions as those found in a group with diverse disabilities. 4 The items expressed in MET h day À1 were used in the factor analysis.
An 11-item inter-correlation matrix was computed, which was used for a factor analysis with principal component extraction and oblique rotations. Factor determination was based on the criteria: an eigenvalue X1 and a factor loading X0.40, without loading on more than one factor. Cronbach's alpha was calculated to determine the internal consistency of the PASIPD. Furthermore, the group was divided, based on the median split, in respectively three groupings with two categories each: young-old age, low-high BMI and short-long TSI. Thereafter, PASIPD scores of people with different personal (age, gender and BMI) and lesion characteristics (paraplegia/ tetraplegia, motor complete-incomplete and TSI) were compared with a non-parametric Mann-Whitney test. The effect size was calculated.
Spearman correlation coefficients were calculated to determine the associations among the PASIPD items, PASIPD total score and the outcome measures of activities (wheelchair performance time and ability score, UAL, SIPSOC) and physical capacity (POpeak, VO 2 peak, MMT and handheld dynamometry). Correlations between the PASIPD items and the activity and physical capacity variables that should measure the same construct were of specific interest. A correlation coefficient X0.6 was considered to be strong, moderate when between 0.3 and 0.6, and weak if the coefficient was p0.3.
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Results
Descriptives
Of the total group, 73% were male, 68% had a paraplegia and 64% had a complete lesion. The participants were on average 41.6 ± 14.1 years, with a mean BMI of 24.5 ± 4.5 kg m À2 and a TSI of 705 ± 169 days. The descriptives of the PASIPD, activity and physical capacity parameters are shown in Table 1 . Some activities, such as wheeling outside, are performed often by the majority of participants while more than 70% of the participants never performed activities such as heavy housework, lawn work and paid work ( Figure 1) . Table 2 shows the mean score of each item and the results of the factor analysis. The Cronbach a for the PASIPD total score was 0.63. Wheeling outside correlated best with the total PASIPD score followed by moderate and strenuous sport or recreational activities. Four factors were identified: lightmoderate activities and muscle strength training (factor 1), light and heavy housework (factor 2), home repair and lawn work (factor 3) and care for another person, paid work, wheeling outside and strenuous activities (factor 4). A majority of the variance was explained by factor 1 (26%), that is, light-moderate activities and muscle strength training. All four factors combined accounted for approximately 62% of the total item variance.
Factor analysis
Differences between groups
Persons with a tetraplegia or long TSI (long: TSI4672 days) had significantly lower PASIPD scores compared with those with paraplegia (P ¼ 0.02; effect size: 0.17) or those with a short TSI (P ¼ 0.03; effect size: 0.30). A partial correlation showed that the relationship between TSI and the PASIPD score was not confounded by level of injury. The lesion characteristic completeness of the lesion did not lead to a significantly different PASIPD score (P ¼ 0.97; effect size: 0.04). Similar results were found for the personal characteristics age (old: age 440.8 years; P ¼ 0.16; effect size: 0.33), gender (P ¼ 0.96; effect size: 0.02), and BMI (high: BMI 424.7 kg m
À2
; P ¼ 0.59; effect size: 0.08).
Associations with activities and physical capacity Moderate correlations were found between the PASIPD total score and activities (0.36-0.51, Po0.01) ( Table 3) . PASIPD total score showed weak correlations with most physical capacity parameters (r ¼ 0.15-0.29), except for the MMT sum score that showed a moderate correlation (r ¼ 0.35) ( Table 3) .
Mostly moderate correlations were found between the PASIPD items and the activity and physical capacity parameters that should measure the same construct (Table 3) . A strong correlation (r ¼ 0.62) was found between strenuous sport or recreational activities and the number of hours per week a persons participates in sport activities (measured by the UAL) ( Table 3 ). In contrast, weak correlations were found between light and moderate sport or recreational activities and VO 2 peak or POpeak, and between muscle strength training and muscle strength measured by MMT or handheld dynamometry (Table 3) .
Discussion
Many activities were never performed by more than 70% of the group, leading to the low PASIPD score. PASIPD scores were significantly different between persons with a tetraplegia and paraplegia. Also a significant difference was found between those with a short and long TSI. The PASIPD score did not discriminate between those with a young-old age, low-high BMI and male-female despite the fact that in the literature a difference in activity levels between these groups was found. 4 The PASIPD seems to discriminate between groups of people with different disabilities. The average total PASIPD score (17.8 MET h day À1 ) was comparable to that of other studies that included mostly persons with SCI or elderly with chronic conditions (PASIPD scores varied between 11.0 and 36.3 MET h day À1 ) 4,11-16 ( Figure 2 ). This study used 11 items in contrast to the other studies (12 items). However, one extra item would raise the score to a roughly estimated (17.8/11) Â 12 ¼ 19.4, which also lies in the mentioned range. Van der Ploeg et al. 5 found much higher scores in 46 participants with a disability (74.9 MET h day À1 ) (Figure 2 ). This might be explained by the inclusion of people with less severe disabilities such as chronic pain, whiplash and back disorders. 5 In general, low PASIPD scores are found in people with a disability taking the maximal score into account (182.5-199.5 MET h day À1 dependent on the number of items included). The internal consistency of the PASIPD was weak (Cronbach a ¼ 0.63) 10 in our group with SCI. This low alpha might be explained by the complementary activities in the PASIPD, that is, if you perform some activities then you have less time and energy to perform other activities. Factor analysis showed four dimensions of the PASIPD in this group. The item strenuous activities were, together with the item care for another person, clustered with the factor 'occupation'
(paid work and wheeling outside). It is hard to classify this fourth factor into a specific category because of the very diverse items. It might be that in this group with a SCI these items are not properly phrased or applicable and, therefore, fall in another dimension then what was found earlier in a group with all kind of disabilities using the 12 items PASIPD. 4 However, the percentage of variance explained in both studies was comparable (around 62%). The PASIPD correlated moderately (r ¼ 0.51) with the UAL, which also measures self-reported activities. The UAL is reported in hours per week while the PASIPD estimated MET expenditure. The correlation between the PASIPD and the SIPSOC was also moderate (r ¼ 0.47). Figure 1 Frequencies of answers (never, seldom, sometimes, often) given per question of the physical activity scale for individuals with physical disabilities (PASIPD). SIPSOC focus on the limitations experienced in mobility range and social behavior and are, therefore, quite different from the PASIPD questions that measure the activity level. Furthermore, not every item of the SIPSOC or UAL relates to one or more items of the PASIPD. The expectation was that the PASIPD would correlate better with activity data measured by accelerometry, however, low correlation coefficients (r ¼ 0.30) were found in non-wheelchair-dependent persons with a physical disability. Weak-to-moderate relationships between the PASIPD total score and the physical capacity parameters were found. Although the expectation was that those with a high activity level measured by the PASIPD would have a better fitness, these variables do not measure exactly the same concepts and correlation coefficients will not be very high. The correlation coefficients between the items of the PASIPD and fitness or activity items that measure the same concept showed higher values (up to 0.62) but also very low coefficients were found (for example, muscle strength, 0.03-0.09). These low-to-moderate correlations might be due to the homogeneity of our group with a SCI, which has a low PASIPD score. With a restricted range of scores, the correlation will be reduced.
Two other self-reported activity scales for people with disabilities came available after the Dutch prospective cohort study started; the physical acitivity and disability survey 17 and the physical activity recall assessment for people with spinal cord injury. 18 The validity of the physical acitivity and disability survey was evaluated in individuals with disabilities and/or chronic health conditions and showed similar low correlations with peak VO 2 (r ¼ 0.23), maximum work load (r ¼ 0.18) and exhaustion (r ¼ 0.23) 17 as this study. In contrast the physical activity recall assessment for people with spinal cord injury showed quite strong correlation coefficients with the percentage VO 2 reserve (the difference between resting and maximal VO 2 ), that is, 0.63 for moderate intensity activities, 0.88 for heavy intensity activities and 0.79 for total activities. However, the correlations with mild intensity activities (r ¼ 0.27) 18 as well as with VO 2 peak (r ¼ 0.21) and muscle strength of the biceps (r ¼ 0.15) and chest (r ¼ 0.16) were low. 19 To analyze which of the three self-reported activity scales (PASIPD, physical activity recall assessment for people with spinal cord injury and physical acitivity and disability survey) is most useful in studying physical activity in people with SCI, a future study should compare these three scales in the same group and relate them to fitness and objective activity measures.
Objective activity measures, such as motion sensors, do not always relate strongly to fitness parameters. 20 Therefore, it
would also be interesting to analyze whether objective activity measures (for example, doubly labeled water, activity monitor and oxygen uptake) relate to fitness and selfreported activity in people with SCI. On the basis of the above-mentioned results, the physical activity recall assessment for people with spinal cord injury might have the most potential to be used in people with SCI because it has been developed specifically for that population and shows good correlations with moderate-to-heavy intensity activities.
Conclusion
The PASIPD showed a moderate relationship with activity parameters and weak-to-moderate relationship with fitness measures in people with SCI. In general, there seems to be a limited association between self-reported activity level, fitness and objective measures of activity.
